Editorial  by unknown
EDITORIAL COMMENT
Percutaneous Coronary
Interventions: Heed the American
College of Cardiology Volume
Recommendations, But Strive to
Improve Quality*
Edward L. Hannan, PHD
Rensselaer, New York
In this issue of the Journal, Malenka et al. (1) present a study
of the relationship between operator volume and outcomes
of percutaneous coronary interventions (PCIs) in five hos-
pitals in Northern New England (NNE) and one Massa-
chusetts hospital. Using adjusted rates for clinical success,
See page 1471
in-hospital mortality, myocardial infarction and emergency
coronary artery bypass graft surgery (CABG) as the out-
comes of interest, the authors conclude that there is no
difference between operator volume and outcomes.
On the surface, these results seem to be in contrast to the
findings of three recent studies that have identified signifi-
cant inverse volume–adverse outcome relations (2–4). To
their credit, Malenka et al. cite some important caveats
relating to their conclusions (1). I would like to reinforce
and broaden those caveats because there will undoubtedly be
a temptation for many readers to conclude that the results
are in contrast with those of previous studies, and I believe
that such a conclusion is an oversimplification of the
findings.
Low volume operators? First, Malenka et al. subdivided
operators’ annualized volumes into terciles, with the lowest
volume tercile having an average of 68 procedures per year
and a median of 75 procedures per year. These are extremely
high volumes for a “low volume” group; in fact, they are on
the borderline of the 75 procedures per year recommended
by the American College of Cardiology (ACC) to ensure
good outcomes. Because the median volume of the low
volume group used by Malenka et al. was 75 procedures per
year, we know that half of the low volume group was in
accord with the ACC criteria. This leaves only 7 or 8
operators (15% or 17%) of 47 who performed ,75 annu-
alized procedures in NNE in the study period.
Furthermore, the minimum number of procedures per-
formed by any operator was 22, and only three operators of
47 in the study performed ,50 annualized procedures. In
contrast, in New York State between 1991 and 1994, an
annual mean of 70 (44%) of an annual mean of 152
operators performed ,75 procedures annually (unpublished
data). Furthermore, because New York has a Certificate of
Need process that restricts the number of hospitals with
approval to perform PCIs (to 33 of ;250 hospitals), it is
probable that other states have even lower hospital and
provider volumes. Although the associated statistical power
would be weak, it would be interesting to know what the
patient outcomes were for the seven or eight operators in
NNE with annualized PCI volumes ,75.
Protection provided by high volume hospitals. Another
possible reason why Malenka et al. did not find an operator–
volume relation for PCIs, which they acknowledged, is that
all six hospitals in their study were high volume hospitals,
with annual volumes .600. As mentioned briefly by
Malenka et al., there is evidence that high volume hospitals
can be protective of low volume operators. A New York
study reported that low volume operators in New York
(,75 procedures per year) had patients with a risk-adjusted
mortality rate of 1.05% when the procedures were per-
formed in hospitals with annual volumes ,600, and a
risk-adjusted mortality rate of 0.73% when the procedures
were performed in hospitals with annual volumes $1,000
(4). Risk-adjusted CABG rates for low volume operators
also differed according to the volume of the hospital in
which the procedures were performed: 4.23% for procedures
performed in hospitals with annual volumes ,600 and
2.94% for procedures performed in hospitals with annual
volumes of at least 1,000. Also, low volume operators (,75
procedures per year) performing procedures in high volume
hospitals (at least 1,000 procedures per year) in New York
had risk-adjusted mortality rates and risk-adjusted CABG
rates that were lower than or comparable to the rates for
high volume operators (4).
Selection bias. DIFFERENCES IN PATIENT RISK PROFILES.
A caveat not mentioned by Malenka et al. is that in NNE,
“low volume” operators had considerably lower risk patients
than “high volume” operators. For example, the prevalence
rates for renal failure for low volume and high volume
operators were 1.7% and 2.2%, respectively. Lower preva-
lence rates of other important risk factors were also found
among patients of low volume operators versus patients of
high volume operators: diabetes (19.3% vs. 22.5%), previous
CABG (10.3% vs. 15.6%), renal failure (1.7% vs. 2.2%) and
cardiogenic shock (0.3% vs. 0.8%). Typically, low volume
operators have patients with as high or higher procedural
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risk as high volume operators. For example, for PCIs in
New York, the respective prevalence rates of these risk
factors for low volume operators (,75 PCIs per year) versus
high volume operators (.175 PCIs per year) were as
follows: diabetes (17.9% vs. 17.5%), previous open heart
surgery (9.1% vs. 9.6%), renal failure (1.9% vs. 1.6%) and
cardiogenic shock (0.71% vs. 0.68%). Thus, only open heart
surgery had a lower prevalence rate for low volume operators
than for high volume operators, and this was defined
differently from previous CABG as defined in the NNE
data base.
In theory, statistical risk-adjustment models should com-
pensate for these differences when risk-adjusted outcomes
are calculated. However, although the risk-adjustment
models used by Malenka et al. sometimes incorporated
variables such as lesion type, diabetes and open heart
surgery, the differences between observed outcomes and
risk-adjusted outcomes for low volume operators are very
small (e.g., 0.4% vs. 0.45% mortality rates for low risk
patients undergoing PCIs by low volume operators, 0.4% vs.
0.44% for nonemergent CABG and 2.5% vs. 2.57% for
myocardial infarction). Moreover, selection bias was not
controlled for explicitly (this will be discussed shortly).
DIFFERENCES IN UTILIZATION OF STENTS. Another un-
usual characteristic of low volume operators in NNE is that
they tended to use stents more often than high volume
operators (25.4% of all patients undergoing PCIs performed
by low volume operators underwent stent placement vs.
18.1% for high volume operators). This is unusual because
one would expect that the high volume operators would be
more familiar with the latest technology, and more likely to
use it. For example, in New York in 1995 to 1996, operators
performing ,75 PCIs per year (where PCIs are limited to
balloon angioplasty and stent placement) used stent place-
ment for 40% of patients undergoing either balloon angio-
plasty or stent placement. In contrast, operators performing
at least 125 PCIs per year (using the same definition) used
stent placement for 56% of their patients undergoing one of
the two procedures.
One possible explanation for why the low volume oper-
ators in NNE used stents more frequently is that in the
relative infancy of stenting, care was taken to use stents
mainly among the least risky patients, and the least risky
patients were referred to low volume operators. This suspi-
cion is also supported by the fact that the percentage of
PCIs performed by low volume operators that were rota-
tional atherectomies was 0.6%, whereas the comparable
percentage for high volume operators was 5.6%. Rotational
atherectomies are generally reserved for high risk patients
with smaller vessels, heavily calcified vessels or longer
lesions.
Controlling for selection bias. The tendency for low
volume operators in NNE to treat less risky patients and to
treat more patients with stents suggests that there may be a
selection bias that needs to be taken into account when
using an observational data base to assess relative outcomes
among low and high volume operators. There are a few ways
of doing this. One of the most frequently used methods is
propensity scores, whereby the tendency (probability) of a
PCI being performed by a low volume operator is predicted
on the basis of the characteristics of patients undergoing the
procedure (5–7). This probability is then used as an inde-
pendent variable along with various patient risk factors in a
statistical model that predicts adverse outcomes. Then the
model can be used to calculate risk-adjusted outcomes for
low and high volume operators. Given the disparity in the
risk profiles of patients undergoing PCIs by lower and
higher volume operators in NNE, it would be curious to see
if incorporating propensity scores in the risk-adjustment
process used by Malenka et al. would have yielded different
results.
The ultimate goal: quality improvement. Although most
of this commentary is a critique of the findings of Malenka
et al., my primary reaction to their study is that the NNE
group, which has paralleled NNE’s quality improvement
efforts in cardiac surgery, has demonstrated outstanding
patient outcomes. Their organizational methods and quality
improvement initiatives should be studied and emulated
carefully.
First, although there are not enough truly low volume
operators in NNE to conclude that volume and mortality
are not related, the fact that there are not many low volume
operators is noteworthy in itself. Why is it that there are
virtually no low volume operators? One possibility is that it
is related to the quality improvement initiatives undertaken
there (8). For example, in New York, the percentage of
cardiac surgeons who perform low annual volumes of
CABG and the percentage of CABG procedures performed
by low volume surgeons decreased tremendously since the
inauguration of New York’s Cardiac Surgery Reporting
System and its public releases (9). Because it is probably in
the best interest of everyone to have predominantly higher
volume operators, it would be interesting to study the
reasons for and the evolution of high operator volumes in
New England with a goal of modifying practice patterns in
other regions.
Second, although there appears to be a selection bias in
assigning lower risk patients to lower volume operators in
NNE, and although this selection bias may unfairly improve
the risk-adjusted outcomes of lower volume operators rela-
tive to higher volume operators, the overall result appears to
be beneficial for patients. Lower volume operators perform
lower risk procedures for which they can achieve outstand-
ing results, and they do not perform higher risk procedures
as often as higher volume operators. It would be interesting
to know how this is accomplished. Is there a system whereby
patients are formally or informally triaged to operators
depending on their risk? Whatever is being done seems
different from referral policies in other regions and seems to
be effective.
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It should be noted that New York also has developed a
PCI Registry and has been publicly releasing PCI data since
1996 for the purpose of quality assessment and quality
improvement, and that this effort has also paralleled similar
initiatives in cardiac surgery in New York (10). As with
cardiac surgery, the NNE and New York PCI programs
differ in that the NNE venture is a voluntary research
consortium, whereas New York’s effort was initiated by the
New York State Department of Health and its Cardiac
Advisory Committee (CAC). Because of this difference, the
NNE provider data are not available to the public, and the
New York data are released to the public.
The New York PCI program has arguably not been as
successful as its cardiac surgery counterpart in altering
practice. First, there have only been two public releases to
date. Second, the only risk-adjusted outcome that has been
released is mortality, and there are only minor differences
among hospitals in risk-adjusted mortality rates for PCIs
given the very low overall mortality rate. Although the
Department of Health and its CAC have been striving to
add other adverse outcome measures to the report, they have
been thwarted by the difficulty of accurately capturing
postprocedural myocardial infarction data. Nevertheless,
outcomes in New York have generally been good, with a
0.43% in-hospital mortality rate for elective patients in 1995
and a 0.89% mortality rate for all patients (10).
Returning to the Malenka et al. study, for the reasons
stated earlier, I agree with them that the findings of their
study should not be used to advocate against the ACC
volume recommendations. The current ACC recommenda-
tions are well founded, and their widespread adoption will
lead to improved patient outcomes. However, we must bear
in mind that provider (hospital or operator) volumes are
merely proxies for quality of care, and that even when there
is a significant relation between volume and outcomes, there
are exceptions to the rule (low volume providers with good
outcomes and high volume providers with poor outcomes).
In general, provider volume recommendations should be
regarded as short-term solutions that should be accompa-
nied by concerted efforts to explore process–outcome rela-
tion that will ultimately uncover the core determinants of
quality health care (11). The activities of the NNE group
serve as an excellent model for this more lofty and desirable
goal.
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